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ABSTRACT: 

One of the challenges limiting the productivity of cowpea is drought. Ten accessions of cowpea (Vigna 
unguiculata) were received from the International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria and 
were evaluated for their drought tolerance at seedling stage between February and April, 2016. The experiment 
was laid out in a Completely Randomized Design (CRD) with three replications at the screen house of the 
Department of Plant Science and Biotechnology, Adekunle Ajasin University, Akungba-Akoko, Nigeria. Drought 
was imposed at 16" day of sowing for 21 days when about 90% of seedlings of the most susceptible accession 
have completely wilted or died. Parameters measured were drought susceptibility scores (DSS), percentage 
permanent wilting (PPW), and plant height, number of leaves, terminal leaflet length, terminal leaflet width, 
stem girth, stomata conductance and stomata resistance. Twenty one (21) days after imposition of drought 
stress, watering then resumed, and 14 days after, percentage plant recovery (PREC), stem regrowth (STR) and 
stem greenness (STG), were also recorded. Analysis of variance (ANOVA) revealed significant genotypic 
differences among accessions for DSS and PPW; morphological traits and physiological parameters during the 
21 days of drought stress. Analysis also revealed significant differences among accessions for PREC, STR and 
STG. Among the traits studied, drought susceptibility scores, percentage permanent wilting, stem greenness and 
regrowth, number of leaves and stem girth were the best traits useful for the study of seedling drought 
tolerance in cowpea under a controlled condition. 
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INTRODUCTION prevent efficient crop growth and 


The role of cowpea as an essential component 
of cropping systems in the tropical and 
subtropical regions of the world and its 
importance being a food legume can not be 
over emphasized [1]. Cowpea contains about 
20 — 25% protein; this makes the crop 
attractive as a source of quality nourishment 
for both the rural and urban poor people [1], 
[2], [3]. Cowpea grows fast, curbs erosion by 
providing cover for ground surface, fixes 
atmospheric nitrogen and fertilizes the soil 
with its decaying residues after harvest [4]. 


Cowpea production has faced numerous 
challenges in different areas of the world. Few 
of the stresses encountered by cowpea include 
drought, heat and cold. Drought is a condition 
of sustained deficiency in soil moisture to 


development and this has been shown to 
reduce yield significantly in cowpea [5], [6], 
[7]. The fact that upcoming drought may be 
predicted using modern climatological 
techniques does not rule out its devastating 
effect on the economy [7]. Drought can occur 
at mid-season or close to the end of the 
planting season, and _ its occurrence 
regardless of its time has been found to be 
devastating on yield of cowpea. In the 
Sahelian and dry savanna zones of West 
Africa cowpea can experience both heat and 
drought stress [8]; with the early flowering 
types escaping drought in some locations and 
years to end up producing useful grain yields. 
Unfortunately, the early flowering cowpea 
cultivars are found to be very susceptible to 
droughts that occur at the commencement of 
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reproductive development [9]. Meanwhile, 
delayed — leaf — senescence (DLS) traits have 
been proved to be beneficial to cowpea as 
regards adaptation to drought, both in the dry 
savanna and wetter part of the Sahelian zone, 
in allowing the quick recovery (and 
production of substantial pods) of early 
flowering cowpea after early drought stress, 
and enhancing the production of second flush 
of pods [10]. 


Breeding for drought tolerance in cowpea has 
not been as pronounced as for other traits [11]; 
this is partly due to lack of simple, cheap and 
reliable screening techniques to select for 
drought tolerant plants and also because of 
the complexity of the factors involved in 
drought 
considerable progress at the International 


tolerance. There hasbeen 


Institute of Tropical Agriculture (IITA), Ibadan, 
Nigeria, on breeding for enhanced drought 
tolerance in cowpea adopting simple, cheap 
and non-destructive screening methods. These 
screening methods have been developed by 
cowpea scientists and their effectiveness at 
identifying drought tolerant cowpea varieties 
have been confirmed [4]. Still, it is necessary 
to identify more efficient methods for 
evaluating the levels of tolerance in 
germplasm for crossing and selection of 
segregated breeding materials [12]. There is 
also a need to identify new sources of longer 
drought tolerance among different selected 
cowpea genotypes and the level of heritability 
of such traits under drought condition. 


The first report of monogenic inheritance of 
drought tolerance in cowpea was achieved by 
using a box screening method. Two types of 
shoot drought tolerance in cowpea were 
identified [13] and this simple inheritance of 
drought tolerance in cowpea was reported as 
type 1 and type 2 tolerance. Type 1 plants were 
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found to stay green for a long time after 
withholding water and the whole plant died 
with continued dry conditions, while type 2 
plants stayed alive for a much longer period, 
but the whole plant did not die with continued 
drought conditions. Moisture was mobilised 
from the lower leaves to keep the growing tips 
alive for longer periods, hence the plants 
dropped the lower leaves first and senescence 
progressed upward slowly such that when 
watering was resumed, the plants recovered. 
Both type 1 and 2 drought tolerance are 
inherited as monogenic dominant traits; F1 
crosses between them showed dominance of 
type 1 and F2 giving rise to three type 1: one 
type 2, suggesting that they are alleles at the 
same locus. 


Several methods have been adopted to 
measure the level of drought tolerance in 
plants. These include traits like root 
characteristics [14], [15]; leaf rolling [16]; 
stomata behaviour and conductance [12], [17], 
[18]; osmotic adjustment [19]; leaf membrane 
stability [17]; molecular markers [18], [20], 
[21]; and leaf wilting scales [6], [12], [22]. 
Percentage wilting of seedlings at the onset of 
drought treatment has also been assessed too 
and a simple screening technique for drought 
tolerance in cowpea developed [7] based on 
seedling survival under water stress. This 
technique revealed heritable differences 
among the tested genotypes as regards their 
reaction to drought stress. Multiple traits 
adoption of evaluating drought tolerance in 
cowpea confirms the complexity of the trait in 
cowpea and other crop species [23]. Leaf 
wilting remains one of the best indicators of 
drought stress in plants, as it reduces the 
complexities drought 
evaluation in crops [23]. 


associated with 
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Different scales of wilting have been used for 
assessing drought tolerance in cowpea; the 
International Board on Plant Genetic 
Resources [24] developed a scale of 1 — 9 (1 
represents normal and 9, dead under 
moisture stress) and this has been adopted 
[12]. Another scale of 1 — 5 (J, normal and 
turgid leaves; 5, completely dead plants) has 
been designed [25]. Other researchers have 
adopted these scales while screening for 
drought tolerance in cowpea [18], [20], [22], 
[26]. Watanabe [6] developed a scale (1 — 5) 
which operates in reverse (1, susceptible and 
5, highly tolerant) to the one developed by 
[25]. 


Despite the successes that have been 
associated with wilting scales, it still does not 
exist without certain drawbacks or limitations 
[23], [27]. First, the existing scales are 
associated with biased scoring, due to visual 
and qualitative assessment. Secondly, 
experience is needed to effectively score for 
leaf wilting in plants. Fortunately, Lawrent et 
al. [23] has addressed these issues by 
improving on the scoring procedure for 
wilting in cowpea to cater for the challenges 
associated with existing scales. 


The pot screening of genotypes at seedling 
stage has also been found to be a reliable 
technique for identifying drought tolerance, 
for its practicality as being an easy set-up 
under a_ controlled environment; and 
adaptable for screening a large number of 
genotypes [12]. This has been confirmed by 
Watanabe ef al. [6] who concluded that the 
phenomenon conferring seedling drought 
tolerance is also manifested at the flowering 
stage. 


In view of the foregoing, this study was 
conducted with the following objectives: 
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is to evaluate cowpea _ seedling’s 
shoot and physiological traits that 
are associated with drought 
tolerance. 

ii. to identify sources of longer 
drought tolerance in accessions of 
cowpea. 

MATERIALS AND METHODS 


Ten (10) cowpea accessions used in this study 
were collected from International Institute of 
Tropical Agriculture (IITA) Ibadan, Nigeria. 
The collected accessions are presented in 
Table 1.The ten (10) accessions were screened 
for drought tolerance at the seedling stage in 
the screen house of the Department of Plant 
Science and Biotechnology, Adekunle Ajasin 
University, Akungba-Akoko, (latitude 7.2° N, 
longitude 5.44 E, Altitude 423M above sea 
level), Ondo State, Nigeria, between February 
and April, 2016. 


Drought treatment Seeds were planted in 
plastic bags filled with 3.5kg of sieved sandy 
loam soil without fertilizer in the screen 
house. After emergence, plants were thinned 
to two fairly uniform plants per pot with 10 
pots per treatment and three replications for 
each accession in a completely randomized 
design (CRD); total number of plants in the 
screen house was 600. Each pot was watered 
with 250ml of water per day until the full 
expansion of the first trifoliate leaf (at day 16), 
after which watering was stopped. 


Drought susceptibility scores (D&S) using 
wilting scales and percentage permanent 
wilting (PPW). Susceptibility was scored for 
plants using the International Board for Plant 
Genetic Resources (IBPGR) descriptors for 
cowpea. They were scored on a 1 to 7 scale, 
where 1 to 3.9 = low susceptibility (plant alive 
with green leaves); 4 to 59 = medium 
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susceptibility (plant alive with most of the 
leaves yellow / or wilting); 6 to 7= high 
susceptibility (plant dead and dry). The scores 
of two plants in each pot were averaged, after 
which the mean of scores of the three 
replicates of each accession was calculated. 
Using the means of the evaluation, the tested 
accessions were then classified into the three 
categories of susceptibility: (1) Those with a 
mean ranging from 6 to 7, the accession was 
classified as highly susceptible; (2) Those with 
a mean ranging from 4 to 5.9, the accession 
was classified as medium; and (3) Those with 
a mean ranging from 1 to 3.9, the accession 
was classified as having low susceptibility. 
Percentage permanent wilting was recorded 
at various intervals (14 days and 2idays) for 
each accession until 90 percent of the plants 


of the most susceptible accessions were 
completely wilted or died. 


J 


Morphological and _ physiological traits. 
Morphological traits like plant height, number 
of leaves per plant, terminal leaflet length, 
terminal leaflet width, stem girth and 
physiological parameters such as stomata 
conductance and stomata resistance at 14 
days of drought stress were also used to 
assess the level of tolerance of the accessions 
to drought stress. 


Plant height, terminal leaflet length and 
width: These were measured at _ the 
commencement of the drought stress (initial - 
Iday), 7 days, 14 days and 21 days of 
imposition of water stress. These were 
measured using a meter rule. Terminal leaflet 
length and width were only measured at the 
commencement of drought stress and day 7. 
The average of values of two plants in each 
pot was determined after which the mean 
value of the three replicates of each accession 
was calculated. 
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Number of leaves. Number of leaves was 
counted for each accession at the 
commencement of drought stress (initial), 7 
days, and 14 days of drought stress and the 
mean of the three replicates was determined. 
Stem girth. The stem girth of each accession 
was measured with a digital caliper at 2cem 
above the soil surface to the nearest 
millimeter. The measurement was taken at 
the commencement of drought stress (initial); 
7 days and 14 days of imposition of drought 
stress. Then the average girth was determined 
for each accession per replicate and the mean 
for the three replicates determined. 


Stomata conductance and stomata resistance. 
These were determined on the 14 day of 
imposition of drought stress with a steady 
state Leaf Porometer Model SC — 1, Decagon 
Devices, Inc. between 11.30 am and 5.00 pm 
utilizing the same leaflet used for leaflet 
length and width on three plants per 
accession per replicate. Average value of each 
parameter was determined for each accession 
per replicate and the mean for the three 
replicates were determined. 


Recovery parameters. Twenty one (21) days 
after imposition of drought stress, watering 
then resumed, and 14 days after, percentage 
plant recovery in each accession was 
recorded. Based on permanent wilting and 
percent recovery, plants were grouped as 
susceptible or drought tolerant. Stem 
greenness and re-growth were scored as 
recovery parameters, after 14 days of re- 
watering. Stem greenness was scored using a 
scale of 1-5, where 1 was yellow (plant 
recovered) and 5 was completely green. Re- 
growth was scored using three categories: 1 
with no re-growth (plant recovered); 3 with re- 
growth from auxiliary buds; and 5 with re- 
growth from the apical meristems. 
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Statistical analysis: Data were subjected to 
Analysis of Variance (ANOVA) using the 
Generalized Linear Model (GLM) procedure of 
the Statistical Package for Social Science 
(SPSS) version 20 (SPSS Ine, Chicago IL). 
Means were separated using Duncan Multiple 
Range Test (DMRT) at P < 0.01 level of 
significance. The data on ranking of changes 
in morphological characters under drought 
stress were subjected to Cluster Analysis and 
Dendrogram constructed with Paleontological 
Statistics Software Package for Education and 
Data Analysis (PAST). 


RESULTS 

Drought susceptibility scores (DS8) and 
percentage permanent wilting (PPW): 

Results obtained revealed high significant 
genotypic differences among accessions for 
all traits under drought stress. At seven days 
of imposition of drought stress, the highest 
DSS8 was 2.00 for AC10, and the least was 1.00 
for ACO3, ACO4, ACO5, ACO6, ACO7 and ACO9. 
AC10 and ACO8 were already showing signs 
of wilting on the seventh day of imposition of 
water stress. On Day 14 of drought stress, 
highest DSS was still maintained by AC10 and 
the value had increased to 2.27 followed by 
ACO8 with the value of 1.97 while the least 
value of 1.00 was maintained by ACO3, ACO4 
and ACO9. The level of stress on Day 21 of 
drought imposition on 
dramatically worsened more in accession 
ACO8 and ACO3 with DSS of 6.97 and 6.00 
respectively. Despite the level of resistance 
displayed by ACO8 till Day 14 of drought 
stress but changed dramatically between Day 
14 and 21 when the level of stress in ACO3 
surpassed all accessions with higher DSS as 
at Day 14. The least DSS (4.00) on Day 21 of 
drought stress was obtained in ACO6 while 
the highest (6.97) was obtained in ACO8. On 


accessions 


—— 
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Day 14 of drought imposition, PPW was 
highest (32.38%) in AC10 while the least 
(6.67%) was observed in ACO4. PPW on Day 
21 was highest (96.67%) in ACO8 while the 
least (58.89%) was observed in ACO6. 


Based on DSS8 at 21 days, accessions were 
grouped into three categories; the first group 
consisted of accessions with DSS scores of 6 
and above and accessions involved were 
ACO3 (6.00) and ACO8 (6.97). The second 
group consisted of accessions with DSS scores 
of between 5 and 5.9; and these comprised 
AC10 (5.30), ACO9 (5.31), ACOS (5.33) and 
ACO7 (5.37). The third group consisted of 
accessions with DSS scores of between 4 and 
4.9; and these involved ACO6 (4.00), ACO2 
(4.50), ACO4 (4.63) and ACO1 (4.83) (Table 2). 


Recovery parameters: Twenty one (21) days 
after imposition of drought stress, watering 
then resumed, and 14 days after, percentage 
plant recovery in each accession was 
recorded. Percentage recovery (PREC), stem 
re-growth (STR) and stem greenness (STG), 
showed highly significant differences among 
the accessions. Based on permanent wilting 
and percent recovery, plants were grouped as 
susceptible or drought tolerant. Percentage of 
plants recovered ranged from 0.00 to 36.67%. 
The least percentage recovery (13.33%) was 
found in accession ACO3 while the highest 
(36.67%) was found in accession ACO2. 
Accessions ACO8 and AC10 did not recover at 
all. In spite of the fact that only 76.19% of 
AC10 and 96.67% of ACO8 wilted before re- 
watering, the rest of the plants of these 
accessions continued to die even as watering 
continued, and all plants were dead within 
two weeks of re-watering. The highest value 
for stem re-growth (4.33) was found in 
accession ACO1 while the least (1.17) was 
found in ACO3. Three groups were observed 
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based on re-growth parameter. The first 
contained accession with above 4.00 score 
and this consisted of ACO1, which was the 
only accessions that had plants which re- 
grew mainly from the apical meristems. 
Accessions ACO6 and ACO7 of the second 
group consisted of accessions with scores of 
3.43 and 3.53 respectively. The plants of these 
accessions re-grew mainly from their axillary 
buds. Group three consisted of accessions 
with scores of 1.17, 1.73, 2.12, 2.53 and 2.83 and 
these involved accessions ACO3, ACO4, ACO5, 
ACO2 and ACO9_ respectively. These 
accessions consisted of plants which re-grew 
mainly from apical buds and some which did 
not re-grow but maintained their greenness. 
The fourth group consisted of accessions with 
scores of 0.00 which involved accessions 
ACO8 and AC10; these accessions were 
completely dead. For stem greenness, 
accessions ACO6, ACO7 and ACO4 had high 
scores of 4.82, 4.13 and 4.10 respectively. 
These were followed by ACO1, ACO2, ACO9 and 
ACO5 with scores of 3.57, 3.67, 3.67 and 3.81 
respectively. The least score of 2.83 was 
obtained in ACO3. Stems were completely 
dried in ACO8 and AC10, hence their score of 
1.00. Based on recovery parameters, plants 
were ranked as most susceptible (1), 
susceptible (2), moderately susceptible (3) and 
least susceptible (4) (Table 3). 


Morphological and _ physiological traits: 
Morphological characters like length and 
width of terminal leaflet, plant height and 
stem girth, among the accessions under 
drought stress were only monitored till 14 
days of drought stress as they either had 
wilted completely in many plants of some 
accessions before Day 14 (as found in leaf 
characters) or remained unchanged in values 
across all accessions after 14 days of drought 
stress (as found in plant height and stem 
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girth). Statistical analysis revealed very high 
variations among the accessions for all the 
morphological and physiological parameters 
during the 21 days of drought stress. 
Physiological parameters like stomata 
conductance (SCND) and stomata resistance 
(SREST) were only monitored on Day 14 of 
drought stress. Conductance was generally 
high in all accessions with the highest value 
(926.70 mmol m?s*) observed in accession 
ACO3 while the lowest (70.19mmol m?s") was 
observed in ACO5. Stomata resistance was 
highest (14.45s/em) in ACOS while the least 
(1.07s/em) was found in ACO8. Accessions 
with resistance of less than 5s/em, were 
considered to be of low resistance while the 
ones with above 5s/em, were considered to 
have high resistance. Accessions were ranked 
based on the value of stomata resistance and 
two groups were formed from this parameter. 
First group consisted of accessions (ACO8, 
ACO4 and AC10) with low stomata resistance 
and were ranked 2. The second group 
consisted accessions (ACO1, ACO2, ACO5, 
ACO6, ACO7, ACO8 and ACO9) with high 
stomata resistance and ranked 1 (Table 4). 


The highest mean value (18.89cm) for plant 
height at 14 days of drought stress was 
observed in accession ACO2 while the lowest 
mean value (13.36cem) was observed in ACO8. 
Plant height increased in all accessions from 
the day of stress imposition till 14 days after 
which the plant height became constant till 
Day 21 of stress. The highest increase in plant 
height (32.62%) was found in accession ACO7 
which was the second tallest among the 
cowpea accessions. All accessions were 
ranked 1 since they all increased in height at 
day 14 of drought stress (Table 5). 
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Mean number of leaves was found to be 
highest (2.73) in ACO1 on day 14 of drought 
stress, while the least mean value (1.08) was 
found in ACO8. Number of leaves increased 
from the first day of drought stress in all 
accessions till the 7 day of stress but reduced 
in ACO2, ACO8, ACOY and AC10 between Day 7 
and Day 14 of drought stress with ACO8 
having the highest reduction in number of 
leaves (-60.44%) while the highest increase in 
number of leaves (52.94%) was found in 
ACO4. 


Accessions were ranked according to the 
reduction/inerease in the number of leaves. 
Four groups were derived according to the 
reduction in number of leaves; the first group 
consisted of accessions (ACO1, ACO3, ACO4, 
ACO5, ACO6, ACO7) with increase in number 
of leaves and they were generally ranked as 
0. The second group consisted of an accession 
(AC10) with less than 10% reduction in 
number of leaves and was ranked as 1 while 
the third and fourth groups consisted of 
accessions (ACO2 and ACO9) with 10 to 20% 
reduction were ranked as 2 and accession 
(ACO8) with above 20% reduction was ranked 
as 3 (Table 6). 


Terminal leaflet length and width were only 
observed on day 7 of drought stress as most of 
the tagged terminal leaflets across all 
accessions wilted before Day 14 of drought 
stress. The highest mean value (5.99cm) for 
terminal leaflet length was obtained in 
accession ACO1 while the least (3.98cm) was 
observed in ACO6. Percentage reduction in 
terminal leaflet length at 7 days of drought 
stress ranged from 1.95% in ACO8 to 5.84% in 
ACO8 (Table 7). Terminal leaflet mean width 
was highest (2.54 em) in accession ACO2 and 
least (1.88 em) in ACO6. The highest reduction 
in terminal leaflet width (8.88%) on 7" day of 
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drought stress was found in ACO7 while the 
least (3.42%) was found in ACO2. Accessions 
were ranked according to the percentage 
reduction in terminal leaflet length and width 
as a result of drought stress. Based on 
terminal leaflet length, accessions were 
ranked as 1 for those which reduced in leaflet 
length by between 1.00 to 3.99%, and this 
comprised of ACO1, ACO2, ACO4, ACO6, ACO7, 
ACO8 and ACO9 and termed group 1. Those 
with reduction of between 4.00 to 5.99% were 
ranked as 2 and these comprised of ACO8, 
ACO5 and AC10 and termed group 2 (Table 8). 
Based on percentage reduction in terminal 
leaflet width, four groups were recognized 
from all accessions. The first group consisted 
of accessions (ACO2, ACO3 and ACO4) which 
reduced in leaflet width by between 1.00 to 
3.99% and ranked as 1. The second group 
consisted of accessions (ACO1, ACO5, ACO8, 
and ACO9) which reduced in leaflet width by 
between 4.00 to 5.99% and ranked as 2. The 
third group consisted of accession (AC10) 
which reduced in leaflet width by between 
6.00 to 7.99% and ranked as 3 while the forth 
group comprised of accessions (ACO6 and 
ACO7) which reduced in leaflet width by 
between 8.00 to 9.99% and ranked 4 (Table 
8). 


The highest mean value for stem girth 
(2.60mm) was found in accession ACO1 while 
the lowest mean (1.72mm) was found in ACO8. 
Stem girth increased only in accessions ACO1, 
ACO2, ACO3 and ACO5 between initial day of 
drought stress and day 7, while it reduced 
between day 7 and day 14 of drought stress. 
Other accessions experienced reduction of 
stem girth from the inception of drought until 
day 14 of drought stress after which girth now 
remained constant in all accessions till day 
21. Percentage reduction in stem girth ranged 
from 159% in ACO4 to 20.07% in ACO8. 
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Reduction of stem girth was generally high in 
ACO8, ACO6, ACO7, ACO8, ACOY and AC10. The 
percentage reduction of stem girth was used 
to rank accessions and this gave rise to four 
groups. Group one consisted of accession 
(ACO4) which reduced in girth by between 
1.00 to 3.99% and ranked as 1. Group two 
comprised of accessions (ACO1, ACO2 and 
ACO5) which reduced in stem girth by 
between 6.00 to 7.99% and ranked 3. Group 
three comprised of accessions (ACO3 and 
ACO7) which reduced in stem girth by 
between 8.00 to 9.99 % and ranked 4. While 
those accessions (ACO6, ACO8, ACO9 and 
AC10) which reduced by more than 10% in 
stem girth were ranked 5 and termed group 
four (Table 9). No accession was ranked 2 for 
this trait since no accession fell between the 
values of between 4.00 and 5.99% reduction 
of leaflet width (Table 9). 


Cluster analysis based on ranking of 
accessions: Ranking based on changes in 
morphological characters under drought 
stress produced dendrogram that grouped the 


Table 1. List of sereened accessions for drought tolerance 
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ten accessions into three major clusters; 
cluster I, cluster II and cluster III. Cluster I had 
three sub-clusters; A, B, C. Sub-cluster A 
consisted only ACO4, a moderately susceptible 
accession with low stomata resistance. Sub- 
cluster B consisted of ACO3, the only highly 
susceptible accession with low stomata 
resistance. Sub-cluster C consisted of ACO1 
and ACO2 closely linked together as 
accessions with moderate susceptibility and 
high stomata resistance and distantly linked 
with accession ACO5, a susceptible accession 
with high stomata resistance. Cluster II 
consisted of two sub clusters; A and B. Sub- 
cluster A consisted of ACIO and ACO9, 
susceptible accessions with high stomata 
resistance and highest percentage reduction 
of stem girth. Sub-cluster B consisted of ACO6 
and ACO7, moderately susceptible and 
accessions with high stomata resistance and 
high reduction of terminal leaflet width. 
Cluster III consisted of ACO8, the most 
susceptible accession (Figure 1). 


8/N ACCESSION COUNTRY OF ORIGIN CODE 
1 | TVu-199 USA ACO1 
2 | TVu-207 USA ACO2 
3 | TVu-218 USA ACO3 
4 | TVu-235 Ghana ACO4 
5 | TVu-236 Ghana ACOS 
6 | TVu-241 USA ACO6 
7 | IT98K-205-8 Nigeria ACO7 
8 | IT98K-555-1 Nigeria ACO8 
9 | TVu-4886 Niger ACO9 

10 | TVu-9256 Burkina Faso AC10 


International Journal of BioSciences and Technology (2018), Volume 11, Issue 1, Page(s): 1 — 19 


8 


ji) 


Table 2. Drought Susceptibility Scores (DSS) and Percentage Permanent Wilting (PPW %) of cowpea seedlings under drought 
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stress 
ACCESSION DS87 DSS814 DS821 PPW14 PPW21 RANK 
ACO1 1.3340.33° 1.534+0.32 4.83+0.33” 20.00+5.77%° 73.3343.338° 1 
ACO2 1.38340.33% 1.41+0.36% 4.50+0.58° 20.19+5.19% 66.67+8.82° 1 
ACO3 1.00+0.00° 1.00+0.00° 6.00+0.78 10.00+0.00° 83.33+6.67% 2 
ACO4 1.00+0.00° 1.00+0.00° 4.63+0.43° 6.67+1.67° 66.67+6.67° 1 
ACO5 1.00+0.00° 1132013” 5.33+0.61° 13.3343.33%° 76.67+8.82” 1 
ACO6 1.00+0.00° 1134013” 4.00+0.60° 13.674+3.18% 58.89+9.49° 1 
ACO7 1.00+0.00° 1.35+0.33% 5.8740.12% 16.19+6.83°% 71.7842.22% 1 
ACO8 1.70+0.21% 1.97+0.44% 6.97+0.03° 27.86+6.35°¢ 96.67+3.33> 2 
ACO9 1.00+0.00° 1.00+0.00° 5.3140.46% 8.09+1.56° 76.35+6.71° 1 
AC10 2.00+0.00° 2.27+0.27° 5.3040.47° 32.38+0.47% 76.19+6.87° 1 


Means with the same alphabet within a column are not significantly different from one another at P < 0.01 using Duncan 
Multiple Range Test (DMRT). Values are means of measurements + Standard error (8.E). D887: Drought susceptibility score at 
day 7; DSS14: Drought susceptibility score at day 14; D8821: Drought susceptibility score at day 21. PPW14: Percentage 


permanent wilting at day 14; PPW21: Percentage permanent wilting at day 21. 


Table 3. Recovery parameters after two weeks of re-watering 


ACCESSION PREC (%) STR STG RANK 
ACO1 23.3343.33°° 4.33+0.67° 3.5740.73® 3 
ACO2 36.6743.334 2.5340.79%° 3.6741.33% 4 
ACO3 13.33+3.33° 117+0.72% 2.83+0.93% 2 
ACO4 33.3341.66% 1.73+0.13%° 410+0.59° 4 
ACO5 30.00+0.00% 2.12+0.44% 3.8140.42% 4 
ACO6 33.3343.33%¢ 3.43+0.80"° 4.82+0.09° 4 
ACO7 33.3343.33%¢ 3.53+0.29" 4.13+0.45° 4 
ACO8 0.00+0.00° 0.00+0.00* 1.00+0.00° 1 
ACO9 33.0043.33 2.8341.40° 3.67#1.33% 4 
AC10 0.00+0.00° 0.00+0.00° 1.00+0.00° 1 


Means with the same alphabet within a column are not significantly different from one another at P < 0.01 using Duncan 
Multiple Range Test (DMRT). Values are means of measurements + Standard error (8.E). PREC: Percentage recovery; STR: Stem 


re-growth; STG: Stem greenness. 
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Table 4. Physiological parameters at 14 days of drought stress 
ACCESSION SCND (mmol m?s*) SREST (s/em) RANK 
ACO1 146.37+15.34° 6.98+0.73° 1 
ACO2 131.90424.21° 8.15+1.57° 1 
ACO3 926.70+38.744 1.07+0.08° 2 
ACO4 368.64+50.32° 2.82+0.39° 2 
ACO5 70.19+5.56° 14.42+1.06° 1 
ACO6 108.41412.41° 9.45+1.03° 1 
ACO7 93.14+8.11° 10.91+1.02° 1 
ACO8 122.99+1.84° 8.13+0.11> 1 
ACO9 76.1148.39 * 13.50+1.65° 1 
AC10 554.43421.12° 1.80+0.07° 2 
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Means with the same alphabet within a column are not significantly different from one another at P < 0.01 using Duncan 
Multiple Range Test (DMRT). Values are means of measurements + Standard error (S.E). SCND: Stomata conductance; SREST: 


Stomata resistance. 


Table 5. Effect of drought stress on Plant Height (em) 


ACCESSION IPH PH7 PH14 INCREASE (%) RANK 
ACO1 12.55+0.34% 12.59+0.33% 15.09+0.58° 20.24 il 
ACO2 16.49+0.29° 16.55+0.29° 18.89+1.06° 14.55 1 
ACO3 12.544+0.83” 12.56+0.82 16.63+1.91° 32.62 1 
ACO4 13.96+0.01° 13.98+0.62™ 17.73+1.79° 27.00 1 
ACOS 12.05+0.52° 12.07+0.51° 16.4142.07° 36.18 1 
ACO6 13.05+0.538 13.08+0.52° 14.87+1.09° 13.95 1 
ACO7 12.68+1.31° 12.69+1.30° 17.3440.29° 36.75 1 
ACO8 11.69+0.59° 11.70+0.60° 13.36+0.88° 14.29 1 
ACO9 11.42+0.48” 11.46+0.47% 13.92+0.43° 21.89 1 
AC10 10.72+0.41° 10.74+0.42° 13.72+0.91°% 27.99 1 


Means with the same alphabet within a column are not significantly different from one another at P < 0.01 using Duncan 
Multiple Range Test (DMRT). Values are means of measurements + Standard error (8.E). IPH: Initial plant height; PH7; PH14: 
Plant height at day 7; Plant height at day 14. 
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ACCESSION INL NL7 NL14 INCREASE (%) RANK 
ACO1 2.10+0.10% 2.87+0.34% 2.73+0.37°% 30.00 ce) 
ACO2 1.8040.10° 2.56+0.18°% 1.50+0.87° -16.67 2 
ACO3 1.64+0.27° 2.77+0.20° 2.50+0.87° 52.44 0 
ACO4 1.70+0.12°% 2.43+0.08° 2.60+0.50° 52.94 0) 
ACOS 1.63+0.82° 2.57+0.08" 2.40+0.58° 47.24 0 
ACO6 1.9740.33° 2.86+0.09% 2.13+0.37°% 8.12 0 
ACO7 1.92+0.22° 2.47+0.11° 2.17+0.44° 13.02 0 
ACO8 2.73+0.16° 3.65+0.29> 1.08+0.65° -60.44 3 
ACO9 2.31+0.21° 3.58+0.24° 1.98+0.31° -14.29 2 
AC10 1.80+0.07° 3.06+0.94% 1.65+0.37° -8.33 1 


Means with the same alphabet within a column are not significantly different from one another at P < 0.01 using Duncan 
Multiple Range Test (DMRT). Values are means of measurements + Standard error (8.E). INL: Initial number of leaves. NL7; 
NL14: Number of leaves at day 7; Number of leaves at day 14. 


Table 7. Effect of drought stress on Terminal Leaflet Length (em) 


ACCESSION ITLL TLL7 REDUCTION (%) RANK 
ACO1 6.15+0.35> 5.99+0.39> 2.60 1 
ACO02 5.02+0.49% 4,.86+0,53> 3.19 1 
AC03 4.45+0.56a» 4.19+0.644> 5.84 2 
AC04 4,53+0.25a> 4,3540.27a 3.97 1 
AC05 4.19+0.314 4.01+0.194 4.29 2 
AC06 4.12+0.682 3.98+0.362 3.39 1 
ACO7 5.0140.29a 4.81+0,12 3.99 1 
AC08 5.14+0,.13 5.04+0.09a> 1.95 1 
ACO9 5.41+0.35a 5.20+0,35a 3.88 1 
AC10 4.84+0.79a> 4.61+0.762 4.75 2 


Means followed by the same alphabet within a column are not significantly different from one another at P < 0.01 using 
Duncan Multiple Range Test (DMRT). Values are means of measurements + Standard error (8.E). ITLL: Initial terminal leaflet 
length; TLL7: Terminal leaflet length at day 7. 
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Table 8. Effect of drought stress on Terminal Leaflet Width (em) 
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ACCESSION ITLW TLW7 REDUCTION (%) RANK 
ACO1 2.59+0.23° 2.444+0.27°% 5.79 2 
ACO2 2.63+0.29° 2.54+0.26° 3.42 1 
ACO3 1.96+0.26° 1.89+0.23° 3.57 1 
ACO4 2.4740.29° 2.38+0.31° 3.64 1 
ACO5 2.23+0.17°% 2.1140.13° 5.38 2 
ACO6 2.06+0.20° 1.88+0.18° 8.74 4 
ACO7 2.70+0.12° 2.46+0.04° 8.88 4 
ACO8 2.40+0.09° 2.2740.43° 5.42 2 
ACO9 2.60+0.14° 2.49+0.22° 4.23 2 
AC10 2.32+0.07°% 2.32+0.07° 6.47 3 
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Means followed by the same alphabet within a column are not significantly different from one another at P < 0.01 using 
Duncan Multiple Range Test (DMRT). Values are means of measurements + Standard error (S.E). ITLW: Initial terminal leaflet 
width; TLW7: Terminal leaflet width at day 7. 


Table 9. Effect of drought stress on Stem Girth (mm) 


ACCESSION 18G 8G7 8G14 REDUCTION (%) RANK 
ACO1 2.79+0.05° 2.83+0.064 2.60+0.17° 6.81 3 
ACO2 2.36+0.09°¢4 2.46+0.00°4 2.2140.14% 6.36 3 
ACO3 1.90+0.10° 1.95+0.06° 1.7240.24° 9.47 4 
ACO4 2.52+0.02¢° 2.50+0.03°¢4 2.48+0.18% 1.59 1 
ACOS 2.14+0.05%¢ 2.17+0.09% 2.00+0.37° 6.54 3 
ACO6 2.40+0.07°¢¢ 2.3140.15%° 1.94+0,.31% 19.16 5 
ACO7 2.49+0.04¢4 2.47+0.05°4 2.2540.383% 9.64 4 
ACO8 2.69+0.06% 2.67+0.06°4 2.15+0.08% 20.07 5 
ACO9 2.67+0.15% 2.63+0.16°4 2.3740.24% 11.23 5 
AC10 2.1140.06” 2.07+0.16 1.88+0.44% 10.9 5 


Means with the same alphabet within a column are not significantly different from one another at P < 0.01 using Duncan 
Multiple Range Test (DMRT). Values are means of measurements + Standard error (8.E). ISG: Initial stem girth; SG7: Stem girth 


at day 7; 8G14: Stem girth at day 14. 
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Figure 1. Dendrogram (Euclidean Distance) based on the ranking of accessions using DSS and changes in morphological 
characters under drought stress. 


DISCUSSION differently to drought stress and the response 
Wilting in plants, a consequence of drought is time dependent. 

stress can be visually observed, allowing 

different wilting intensities to be recorded on Utilising drought susceptibility score which 
cowpea seedlings. Results from this study was based on the level of wilting in plants, 
show that cowpea accessions responded accessions ACO1, ACO2, ACO8 and AC10 were 


already showing wilting within 7 days of 
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drought stress in agreement with the reports 
of several authors [13], [18], [20], [22], [28] 
who had reported wilting within the first week 
of drought stress in cowpea. This suggests 
that in conducting assessments, susceptible 
accessions can easily be identified within the 
first week of drought stress [23]. Other 
accessions however remained unchanged till 
day 7 of drought stress. At Day 21 of drought 
stress, ACO8 became the most susceptible with 
the highest number of plants that were either 
dead or completely wilted (Table 2). The 
percentage of completely dead or wilted 
plants for each accession was also in 
accordance to the level of susceptibility of 
each accession as earlier reported [12]. 


After two weeks of re-watering, seedlings of 
some accessions completely recovered while 
some continued to die; among these are 
accessions ACO8 and AC10 in which death of 
seedlings reached 100% at two weeks of re- 
watering (Table 3). Among accessions, those 
with slow wilting from the commencement of 
drought stress and those with lower drought 
susceptibility scores and percentage 
permanent wilting at the end of drought 
stress had high recovery rates while the 
accession with the highest susceptibility 
never recovered. Most of them also 
maintained high re-growth and _ stem 
greenness. These accessions apparently 
possess an inherent mechanism to slow their 
moisture loss by minimizing transpiration 
rate much unlike those with high wilting 
scores. This contributed to their reduced 
susceptibility and maintenance of greenness. 

Physiological and morphological 
characteristics promoting water loss from leaf 
tissues might be a key factor responsible for 
early wilting among the accessions showing 
wilting within one week of drought stress [23]. 
Stomatal behaviour at the initiation of 


Oar 


drought stress [18], [23] might be a crucial 
factor since late wilting accessions were able 
to regulate stomatal opening to prevent water 
loss. As drought stress continued, most of the 
seedlings of the early wilting accessions died 
while those of the least susceptible accessions 
survived through stomata closure, a first line 
of defense against drought or as a result of 
osmotic adjustment, the second line of defense 
during intense drought stress [29], [30]. 


Generally, the accessions had high stomatal 
conductance. Seedlings of two of the 
accessions with the slowest rate of wilting 
(ACO3 and ACO4), had stomatal conductance 
among the highest recorded at day 14 of 
drought stress (Table 4). These results show 
that these accessions have the ability to 
maintain photosynthesis under drought 
stress. Early drought could therefore be 
survived by plants with low susceptibility as a 
result of their ability to resist wilting and 
maintain photosynthesis and growth at low 
soil moisture levels. These traits have been 
found to be very important when drought 
occurs early during the growing seasons of 
plants [31]. 


Osmotic adjustment in leaves has also been 
found to be a mechanism of minimising water 
loss during drought stress [32]. This might 
play a significant role in reduced wilting 
observed among the least susceptible 
accessions of cowpea. Osmotic adjustment 
allows plants to maintain turgor and ensure 
survival as water deficits develop in the soil, 
encouraging plant recovery on re-watering 
after severe drought stress [31], [32]. 


Significant differences were observed among 
the accessions for morphological traits such 
as number of leaves, plant height and 
terminal leaflet length but not for terminal 
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leaflet width under drought stress at day 7, 
whereas no significant differences were 
observed among all accessions at day 14 
which marked the end of any increase in 
these traits for all the accessions involved. 
The significant reduction in number of leaves 
and terminal leaflet length among the most 
susceptible accessions at day 7 indicate that 
drought stress leads to reduced leaf initiation 
and area of existing leaves which in turn lead 
to leaf shedding on the plants. Two of the 
most susceptible accessions (ACO8 and AC10) 
had their number of leaves reduced by 
60.44% and 8.33% respectively, while most of 
the susceptible and _ least susceptible 
accessions had increased number of leaves. 
The highest reduction in terminal leaflet 
length also occurred among the highly 
susceptible accessions (ACO3 and AC10) 
except in ACO8. Even though their differences 
were not significant at day 14, the most 
susceptible accessions were among 
accessions with the lowest values for number 
of leaves, terminal leaflet length and plant 
height (Table 5, 6, 7 and 8). 

Stem girth however’ had _ significant 
differences among the accessions till day 14 of 
drought stress. Number of leaves was reduced 
in accessions AC10, ACO9, ACO2 and ACO8 
while increment of number of leaves was 
witnessed in other accessions. Number of 
leaves was mostly reduced by drought stress 
in accession ACO8 followed by accession 
ACO2 on day 14 of drought stress, while the 
least reduction in number of leaves was 
recorded in accession AC10 (Table 6). Drought 
stress also significantly reduced terminal 
leaflet length and terminal leaflet width 
among the accessions during the drought 
stress period (Table 7 & 8). These are similar 
to earlier findings [33]. Lack of significant 
differences for these traits among the 
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seedlings at day 14 of drought stress suggests 
that they all had a level of adaptation to 
drought conditions and also that these traits 
were similarly affected by drought among 
accessions [34]. 


Plant height was found to be more affected by 
drought stress in accessions ACO6 as the least 
increased in height followed by ACO8 and 
least affected by ACO7 as the accession with 
highest increment in height. All seedlings 
increased in height during the drought stress, 
with clear significant differences among them 
at day 7 but without any significant 
differences at day 14. Overall, the accession 
with the lowest height at day 14 of drought 
stress was ACO8 (Table 5). These results are 
similar to the findings of Abdou Razakou [34] 
and Onuh and Donald [385]; who reported 
different plant height of cowpea under 
different level of drought conditions. 


Most morphological and physiological traits 
have been found to be negatively affected in 
seedlings of sorghum under drought stress 
[37], [88]. Shoot growth is normally 
suppressed by drought stress and; much 
reduction in seedling growth as shown by 
some accessions can be linked to restricted 
cell division and enlargement due to drought 
stress [38], [39]. Highly significant differences 
in plant height were also found among maize 
plants under different drought stages in 
different locations. Reduction in height as a 
result of drought stress at vegetative stage 
implies that water stress retards plant height 
[40]. Similar conclusion has been reached by 
Salami et al. [41] and Hajibabaee et al. [42]. 


Stem girth was significantly reduced among 
the accessions up to day 14 of drought stress 
with most reduction of stem girth occurring in 
accession ACO8 and least reduction found in 
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accession ACO4. Accession ACO8 which 
exhibited the highest reduction of stem girth 
happened to be the most susceptible among 
the accessions while accession ACO4 with the 
least reduction suggests the level of tolerance 
as exhibited by this accession (Table 9). These 
results are in agreement with the findings of 
[43] who reported that drought stress in 
cowpea plants reduced their stem girth by 
382%. Reduction of plant size and leaf area 
have been found to be the major mechanisms 


for controlling water use and reducing injury 
under drought stress [34], [44]. Genotypes of 
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CONCLUSIONS 

The need for fast, easy and effective selection 
eriteria for drought tolerant cowpea 
accessions under controlled environments 
can not be overemphasized. Integration of 
such techniques in breeding programmes will 
allow the screening of numerous varieties of 
cowpea at seedling stage in a relatively short 
time at low cost. Among all the traits studied, 
drought susceptibility scores, percentage 
permanent wilting, stem greenness and 
regrowth, number of leaves and stem girth 
were the best traits for use in the study of 
drought tolerance in seedlings of cowpea. 
Based on wilting scales and _ recovery 
parameters, the following classifications of 
cowpea accessions were made: 

1. Highly Susceptible (ACO3, ACO8 and AC10) 
2. Susceptible (ACO9, ACO5 and ACO7) and 

3. Moderately Susceptible (ACO6, ACO2, ACO4 
and ACO1). 
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